ABSTRACT. Triatoma pintodiasi has been described and recently grouped in the Rubrovaria subcomplex. T. pintodiasi was initially compared to T. carcavalloi by staining and subsequently identified as T. circummaculata. However, after thorough examination, it was observed to be a cryptic species of T. circummaculata, and was described based on morphological features, morphometric data, and biochemical patterns of hemolymph. Thus, this paper aims to describe the karyotype of, and spermatogenesis in, T. pintodiasi, in order to elucidate the reproductive biology and taxonomy of the species. Sex chromosomes of T. pintodiasi formed a heteropyknotic chromocenter, and compaction of chromatin was observed during prophase. However, in contrast to observations in T. carcavalloi and T. circummaculata, in T. pintodiasi it was observed individualization of the sex chromosomes. The diploid chromosome set of the species 2n = 22 (20A + XY) is described through analysis of metaphases I and II. Initial cytogenetic characteristics of T. pintodiasi are described and the observed differences in the chromocenter 
INTRODUCTION
The triatomines are insects of great epidemiological interest. The 148 species currently described (Abad-Franch et al., 2013; Alevi et al., 2013a; Jurberg et al., 2013; Poinar Jr., 2013) are potential vectors of the protozoan Trypanosoma cruzi, the etiologic agent of Chagas disease. Triatomines are also of biological interest because their cells have several peculiarities in comparison to cells of other eukaryotes, such as holocentric chromosomes (Panzera et al., 1996) , inverted meiosis for sex chromosomes (Gómez-Palacio et al., 2008) , and persistence of nucleolar material during meiosis (Tartarotti and Azeredo-Oliveira, 1999; Alevi et al., 2014a) . In addition, triatomines are of evolutionary interest because their origins (monophyletic or polyphyletic) have not been conclusively determined (Tartarotti et al., 2006; Hwang and Weirauch, 2012) .
For over 50 years, these hematophagous insects have been grouped into both complexes and specific subcomplexes (de Lucena, 1970; Dujardin et al., 2002; Schofield and Galvão, 2009; Justi et al., 2014) . Although species complexes and subcomplexes are not formally recognized as taxonomic ranks, they should be monophyletic (Justi et al., 2014) . Schofield and Galvão (2009) proposed that the Rubrovaria subcomplex is composed of the species Triatoma carcavalloi, T. circummaculata, T. klugi, T. limai, T. oliveirai, and T. rubrovaria . The species of the Rubrovaria subcomplex were initially grouped through morphological analyses: T. rubrovaria and T. carcavalloi categorized in the Rubrovaria subcomplex; T. circummaculata and T. limai in the Circummaculata complex; and T. klugi in the Oliverai complex (Dujardin et al., 2002) . Almeida et al. (2009) grouped T. circummaculata in subcomplex Rubrovaria based on phylogenetic and molecular data, and Gardim et al. (2013) and Justi et al. (2014) identified the subcomplex Rubrovaria as monophyletic. However, new approaches, such as experimental hybrid crosses and cytogenetic analyzes, are important and necessary to assist in understanding the evolutionary development of these vectors.
A new species, T. pintodiasi, has recently been described and grouped in Rubrovaria subcomplex (Jurberg et al., 2013) . T. pintodiasi was initially compared to T. carcavalloi based on staining, but was found to be morphologically smaller. Subsequently, T. pintodiasi was classified as T. circummaculata. However, after thorough examination, it was observed to be a cryptic species of T. circummaculata, and was described based on morphological features, morphometric data, and biochemical patterns of hemolymph (Jurberg et al., 2013) . The process of spermatogenesis and the karyotype of T. pintodiasi are described in the present study, with the aim of acquiring a detailed understanding of the reproductive biology and taxonomy of the species. In addition, a chromosomal review of all triatomine species is presented with karyotype descriptions.
RESULTS
The early stages of meiosis in spermatogenesis were described by means of classical cytogenetic analysis. Compaction of chromatin ( Figure 1A -C and 2A) was observed during prophase, with the formation of chiasma between autosomes ( Figure 1C) .
The sex chromosomes of T. pintodiasi formed a heteropyknotic chromocenter ( Figure 1A -C and 2A); however, individualization remained throughout prophase. This observation was not consistent with that for T. carcavalloi ( Figure 2B ) and T. circummaculata ( Figure 2C ). The diploid chromosome set of the species 2n = 22 (20A + XY) ( Figure 1C and D, respectively), was determined by analysis of metaphases I and II. In both metaphases I and II, the Y sex chromosomes of T. pintodiasi were larger and more heteropyknotic (Figure 1D and E; arrows) .
Analysis of the species presented in Table 1 , revealed that two species have 21 chromosomes (2n = 18 + X 1 X 2 Y); 51 species have 22 chromosomes (2n = 20 + XY); 30 species have 23 chromosomes (2n = 20 + X 1 X 2 Y); four species have 24 chromosomes (2n = 20 + X 1 X 2 X 3 Y); and only one species has 25 chromosomes (2n = 22 + X 1 X 2 Y).
DISCUSSION
In cryptic speciation, the resulting species show great morphological similarity. Specific tools are necessary to differentiate between cryptic species. It was possible to distinguish the sex chromosomes in a heteropyknotic chromocenter during meiotic prophase in T. pintodiasi. This feature is quite peculiar in the subfamily Triatominae, since most triatomines have only one heteropyknotic chromocenter, as observed in T. carcavalloi and T. circummaculata (Panzera et al., 1998) .
T. pintodiasi presented a karyotype consisting of 22 chromosomes, consistent with that observed for all species of the Rubrovaria subcomplex (Ueshima, 1966; Panzera et al., 1996; Alevi et al., 2013a) . Although this number can vary from 21 to 25 chromosomes, 22 has been described as the modal number of chromosomes for the Triatominae subfamily (Ueshima, 1966) (Table 1) . Ueshima (1966) also proposed that Triatominae has 22 chromosomes (20A + XY). Note that T. pintodiasi presented a chromocenter that made it possible to distinguish the two sex chromosomes (A; arrow), while T. carcavalloi (B; arrow), and T. circummaculata (C; arrow) showed a single chromocenter formed by the sex chromosomes. Bar: 10 µm. Ueshima (1979) suggested that the common ancestor of the triatomines showed 22 chromosomes. In addition, Nokkala (1983, 1984) believe that the common ancestor of the Hemiptera order had system sex determination of type XY. Thus, based on the principle that the common ancestor has 22 chromosomes, we suggest that major events that occurred during the karyotype evolution of these insects included mainly agmatoploidy (fission) and simploidy (fusion).
Cytogenetic analyses of triatomines are of great importance, because chromosome data, characteristics of spermatids, and meiotic features can be applied to determine cytotaxonomy of these vectors. Analysis of early prophase for example, can aid in differentiation between T. sordida and T. guasayana (Rebagliati et al., 1998) . Cytogenetic data have also assisted in the revalidation of T. garciabesi (Jurberg et al., 1998) ; in the description of Mepraia parapatrica (Frías-Lasserre, 2010) ; and more recently, by analysis of spermatids, in the differentiation of morphologically related species (Alevi et al., 2013b (Alevi et al., , 2014b .
The present study describes initial cytogenetic characteristics of T. pintodiasi and suggests differences in the chromocenter, as a possible cytotaxonomic tool. The authors emphasize the need for further cytogenetic, molecular, biological, and biogeographical analysis, in addition to experimental hybrid crosses with other species of the Rubrovaria subcomplex.
